The key role of epidermal growth factor receptor (EGFR) in tumorigenesis has been demonstrated in several cancer types, so recent clinical trials have investigated their activity/efficacy in different settings. Two different types of EGFR-targeted agents were developed: monoclonal antibodies such as cetuximab and panitumumab, and tyrosine kinase inhibitors, such as gefitinib and erlotinib. In this review, we summarize the preclinical rational of potential activity and the most important clinical trials evaluated anti-EGFR targeted agents in non-colorectal digestive cancer, both in monotherapy and in combination with other chemotherapeutic or targeted agents. Patient selection by use of biologic markers will identify which patients are more likely to respond, contributing to the successful use of these agents.
ABSTRACT
The key role of epidermal growth factor receptor (EGFR) in tumorigenesis has been demonstrated in several cancer types, so recent clinical trials have investigated their activity/efficacy in different settings. Two different types of EGFR-targeted agents were developed: monoclonal antibodies such as cetuximab and panitumumab, and tyrosine kinase inhibitors, such as gefitinib and erlotinib. In this review, we summarize the preclinical rational of potential activity and the most important clinical trials evaluated anti-EGFR targeted agents in non-colorectal digestive cancer, both in monotherapy and in combination with other chemotherapeutic or targeted agents. Patient selection by use of biologic markers will identify which patients are more likely to respond, contributing to the successful use of these agents.
ANTI-EGFR IN BILIARY TRACT CANCER (BTC)
The overexpression of EGFR and its role in the proliferation of several solid tumors have provided the rationale for targeting this pathway in BTC. Some studies have shown that EGFR is frequently overexpressed in cholangiocarcinoma. Additionally, sustained EGFR activation due to defective receptor internalization has been reported for cholangiocarcinoma cells. EGFR overexpression was shown to be associated with macroscopic tumor type, lymph node metastasis, tumor stage, lymphatic vessel invasion and perineural invasion in extrahepatic cholangiocarcinoma. High levels of EGFR expression and activation has shown to increase the risk for tumor recurrence in intrahepatic cholangiocarcinoma (1 ) . A recent study showed that 15.7% of carcinomas of the gall bladder, 11.5% of ampulloma and 5.1% of extrahepatic bile duct cancer overexpress ErbB-2 (2 ). Moreover, a study showed that a subgroup of patients with cholangiocarcinoma or gallbladder carcinoma with somatic mutations of EGFR in the tyrosine kinase domain can elicit cell signals sustaining survival and proliferation (3 ) . Tyrosine Kinase Inhibitors (TKIs) targeting either EGFR or ErbB2, as well as those producing dual inhibition of EGFR and of ErbB2, are able to inhibit cellular growth, inducing apoptosis in human and rodent biliary cancer cell lines in vitro. Gefitinib, Lapatinib, Erlotinib and Cetuximab are the most effective agents in pre-clinical studies ( 4, 5 , 6 ) . Preclinical evidences of synergistic antitumor activity has emerged combining EGFR inhibitors and rapamycin ( 7) or Vandetanib, an inhibitor of vascular endothelial growth factor receptor (VEGFR) and EGFR signaling. A recent study showed that vandetanib significantly inhibited the growth of cholangiocarcinoma cells expressing EGFR and VEGF, appearing a promising therapeutic approach for cholangiocarcinoma. The absence of KRAS mutation and the presence of EGFR amplification may be a potential predictive molecular marker of sensitivity to EGFRtargeted therapy in cholangiocarcinoma ( 8, 9 ) .
Based on the preclinical evidences, many clinical trials are on going to evaluate anti-EGFR therapy in BTC patients. Forty-two patients with BTC were enrolled to receive oral erlotinib (150 mg/die) as monotherapy. 57% of patients had received prior chemotherapy for advanced BTC. HER1/EGFR expression by immunohistochemistry in tumor cells was detected in 29 (81%) of the 36 assessable patients. 7 of the patients (17%) were progression free at 6 months and 3 patients (7%) had partial response. In this study, EGFR mutation status was not tested, so it is unknown if there is a correlation between response and EGFR mutation status ( 10) . This result suggests a benefit of erlotinib in patients with advanced BTC, even if only larger controlled trials and trials evaluating erlotinib will confirm these data.
The role of EGFR inhibitors in BTC was reported in some case reports describing the efficacy of cetuximab in combination with either gemcitabine or gemcitabine and oxaliplatin (11 ). Cetuximab in combination with gemcitabine and oxaliplatin (GEMOX) in nine GEMOX resistant patients with advanced intrahepatic cholangiocarcinoma was evaluated in a small study. After 6 months, CT scans revealed 1 complete response, 1 partial response, 1 stable disease and 6 patients with disease progression. Median time to tumor progression and overall survival were 4 and 7 months, respectively. So the addiction of cetuximab seemed to reverse the resistance to GEMOX (12 , 13 ) . BINGO trial is a multicenter, randomized phase II trial evaluating the efficacy of GEMOX alone or in combination with biweekly cetuximab in first-line in patients with advanced BTC. The primary end-point was PFS at 4 months. Secondary endpoints were response rate, Progression Free Survival, Overall Survival, toxicity, early response assessment by Positron Emission Tomography (PET) and blood/tumor EGFR signalling pathway member analyses. 101 patients were enrolled from October 2007 to October 2008. At the interim analysis, the 4-month PFS rate was 44% versus 61% in the arm with cetuximab, so the addiction of cetuximab to GEMOX showed promising activity. This trial is still ongoing. The EGFR pathway analyses will show if there is a correlation between EGFR overexpression and response to cetuximab therapy (14) . Recently, a single center Phase II study evaluated the correlation between K-Ras status and response in thirty patients with advanced or metastatic cholangiocarcinoma or gallbladder cancer treated with cetuximab plus GEMOX. The RR was 63,3%, including three patient with a complete response. 5 patients (16,7%) achieved stable disease and only 6 patients (20%) progressed under chemotherapy. K-ras mutation was detected in 3 patients (12%). All three patients did not progressed under chemotherapy. Neither PFS nor OS were affected by K-ras status. The median PFS of all 30 patients was 8.3 months and median OS was 12.7 months. So the authors concluded that there is not correlation between reponses and K-Ras status (15 ) . A Phase II trial assessed the role of Lapatinib in patients with BTC and hepatocarcinoma. Patients with BTC were 17, but no responses were observed and 5 patients had SD. So the authors concluded that lapatinib is not active in BTC (16 ) . These trials showed the possible role of anti-EGFR therapies in patients with BTCs, especially if in combination with chemotherapy or with other biological agents (Table 1) . Moreover, many studies have evaluated the incidence of k-ras mutation, with contrasting results in the different reports (mutations of 10-60%), depending also on the site of tumor (17 ,18 , 19 ,20 ) . It still remains unclear whether k-ras mutation is correlated with the response against EGFR inhibitors or not. The biomarker for the response to EGFR inhibitors in BTC, such as the presence of EGFR overexpression, EGFR gene mutation/amplification, or the absence of k-ras mutation, should be investigated in future clinical trials.
ANTI-EGFR IN HEPATOCELLULAR CARCINOMA (HCC)
Hepatocellular carcinoma (HCC) is a leading cause of cancer-related death. Many treatments have been proposed, but HCC is a chemotherapy-resistant tumor and the median survival for patients with advanced disease is 6-8 months, despite the wide variety of cytotoxic agents tested (21 ) .
On the basis of the molecular mechanisms underlying this disease, new targeted therapies have been tested. Sorafenib has been approved for patients with advanced HCC, after a large Phase III clinical trial demonstrating a significant survival benefit in Child A patients (22 ) . The use of anti-EGFR therapies in HCC is based on the importance of EGFR and its ligands in hepatocarcinogenesis (23 ) and on EGFR expression by HCC cell lines and tissue (24 , 25 ) Several studies have demonstrated the overexpression of Epidermal growth factor receptor (EGFR) in the majority of HCC tumor specimens (26 ,27, 28) . Recently, the TKI erlotinib has been tested in patients with advanced HCC. A phase II trial evaluated erlotinib in thirty-eight patients with HCC. EGFR/HER1 expression was detected in 88% of the patients. 32% of patients were progression-free at 6 (30) . Recently a Phase II trial evaluated the combination of cetuximab and erlotinib in patients with advanced HCC. 40 patients were enrolled. The primary end point of PFS after 16 weeks of treatment was 62.5%. Ten patients achieved a partial response for a confirmed overall response rate (intent-to-treat) of 25%. The median PFS event was 39 weeks and the median overall survival was 68 weeks. So the authors concluded that this association has a meaningful antitumor activity, but an additional evaluation in randomized controlled trials is warranted (31 ).
Regarding cetuximab monotherapy in patients with advanced HCC, a recent Phase II negative study was published. 30 patients received cetuximab monotherapy, but no responses were observed and only 5 patients had stable disease ( 32) .
Another study tested the activity of cetuximab monotherapy in HCC and evaluated serial tumor biopsies for biomarker analyses. 32 patients were enrolled. 27 patients were evaluable for tumor response. Stable disease was achieved in 44.4% (12 patients) for at least 8 weeks of treatment. 55.6% failed to respond to cetuximab (15 patients). The median time to progression for all patients was 8.0 weeks. Preliminary evaluation of surrogate markers showed no correlation with cytogenetic abnormalities based on FISH analyses for chromosome 1 and 8. Furthermore, only 5 of 21 tumor specimens were positive for EGFR expression without gene amplification, evaluated by FISH analyses. Serial tumor specimens are available in 5 responding and in 7 non-responding pts for changes of p27 and p21 expression. p27 and p21 were upregulated simultaneously in 60% (3/5 pts) of responding pts, whereas in patients with treatment failure p27 and p21 expression was detectable in 14% (1/7 pts) only ( 33) . Recently a phase 2 trial of cetuximab in combination with the gemcitabine plus oxaliplatin (GEMOX) regimen was conducted. Forty-five untreated patients with advancedstage progressive HCC were prospectively enrolled. The confirmed response rate was 20% and disease stabilization was obtained in 40% of patients. The median progression-free and overall survival times were 4.7 months and 9.5 months, respectively. The 1-year survival rate was 40% ( 34) . Comparative randomized trials are warrented to understand the efficacy of this combination in patients with HCC. Table 2 shows clinical trials evaluating targeted agents in HCC.
ANTI-EGFR IN PANCREATIC CANCER
Pancreatic cancer is an aggressive disease with a poor prognosis. Gemcitabine has been considered the standard therapy for years, even if only small benefits in patients with advanced disease have been reached (35 ) . The addiction of other chemoterapeutics to gemcitabine has not obtained a significant benefit in survival. So clinical trials have evaluated molecular targeted agents (cetuximab, bevacizumab, farnesyl transferase inhibitors and metalloproteinase inhibitors) in addiction to gemcitabine (Table 3) (36) . Regarding anti-EGFR agents clinical trials have evaluated the addiction of erlotinib or cetuximab to standard therapy.
A Phase III clinical trial evaluated the addiction to erlotinib to gemcitabine. 569 patients were randomly assigned. Overall survival based on an intent-to-treat analysis was significantly prolonged on the erlotinib/gemcitabine arm with a hazard ratio of 0.82 (P = .038; median 6.24 months v 5.91 months). One-year survival was also greater with erlotinib plus gemcitabine (23% v 17%; P = .023). Progression-free survival was significantly longer with erlotinib plus gemcitabine with an estimated HR of 0.77 (P = .004) (37 ) . A phase III randomized multicenter study was conducted to evaluate the efficacy and safety of adding bevacizumab to erlotinib and gemcitabine in patients with metastatic pancreatic cancer (AViTA study). 607 patients were enrolled. A significant prolongation of overall survival adding bevacizumab was not observed (P=0.2087), although DFS was significantly improved (from 3.6 to 4.6 months, (P=0.0002). The addiction of Bevacizumab was well tolerated, even if an increase in the incidence of epistaxis, hypertension and proteinuria was reported. This study suggest that an antiangiogenetic therapy can have a role in advanced pancreatic cancer, even if it is imperative identifying patient subgroups that can benefit from this strategy ( 38) .
Regarding cetuximab, a Phase II clinical trial was recently conducted to evaluate the activity of cetuximab and gemcitabine association. The combination showed a promising activity, in fact five patients (12.2%) achieved a partial response, and 26 (63.4%) had stable disease. The median time to disease progression was 3.8 months, and overall survival was 7.1 months ( 39).
At the 2007 American Society of Clinical Oncology Annual Meeting, Philip et al. presented the results of the phase III Southwest Oncology Group (SWOG) S0205 study evaluating the association of gemcitabine and cetuximab versus gemcitabine alone. 766 patients were enrolled. The median survival was 6 months in the gemcitabine alone arm and 6.5 months in the combination arm (P =0.14). The progression-free survival was 3 months for the gemcitabine alone arm and 3.5 months for the combination arm (P = 0.058). So the study failed to demonstrate a significant advantage of the addition of cetuximab to gemcitabine versus gemcitabine alone ( 40) .
A randomized phase II study evaluated a multitargeted strategy in Pancreatic cancer patients (n = 139), that received gemcitabine, bevacizumab and erlotinib or gemcitabine, bevacizumab and cetuximab. The authors observed that early hypertension correlated with response. There was no significant difference between the two arms in OS or PFS (41 ).
CONCLUSIONS
Anti-EGFR therapies have shown an impact on patients' prognosis in many cancer types. To date, Phase III randomized clinical studies have not yet demonstrated a specific indication for anti-EGFR therapies in BTCs, pancreatic cancer or HCC. Only erlotinib in association with gemcitabine has shown an impact on PFS in patients with advanced pancreatic cancer, but these results have not had a great clinical impact in daily practice. Most promising drugs tested in Phase II clinical trials are Cetuximab in BTC and HCC and erlotinib in HCC. An important end-point of future studies will be identify which patients are more likely to respond to target therapy, identifying predictive markers of response to anti-EGFR agents. Preliminary studies are evaluating the role of k-Ras and other predictive biomarkers, but prospective studies specifically designed to recognise predictive markers of response are keenly awaited.
